Abstract-In this paper, an improved hybrid fuzzy technique (Fuzzy Logic and Template matching) for Malaysian Automatic License Plate Recognition (M-ALPR) system is proposed. The system is proposed to reduce the program complexity of the existing M-ALPR system and to decrease the processing time of recognizing Malaysian license plates. First, the algorithm to recognize the license plates is presented, by taking advantage of Matlab and C++ programming language benefits in order to increase system efficiency. Feature extraction using vertical line counter is introduced in this system. Later, with the help of OpenCV, the hybrid fuzzy technique is developed using the C++ language. Then, the comparison between these two implementations on M-ALPR system was reported. The improved system was tested on 740 samples images from real scene and the results show that the proposed improvement supports the accurateness and high speed processing of M-ALPR system.
I. INTRODUCTION
UTOMATIC license plate recognition (ALPR) is an image processing system which lies under computer vision field. It has been a special area of interest due to its many applications for more than a decade or so such as for the purpose of traffic law enforcement; find stolen cars, parking lots and surveillances. ALPR is used to identify vehicles by capturing license plates and recognize the characters. Lots of researches have been done for the recognition of Chinese, Korean, Arabic, European and other license plates; however it is still a new system to recognize Malaysian license plates. In Malaysia, vehicles license plates are in the form of single or double line with standard fonts and special or non-standard characters license plates as depicted in Table 1 .
Generally, most of the ALPR researches employ C++, an object-oriented programming language, because ALPR requires high and complex mathematical programming to extract and segment features and detect numbers or characters of various forms of license plates from fast moving image capture. However, quite a small number of them chose MATLAB or other commercialized shell like Manuscript received April 15, 2009 . This work was supported in part by the Higher Learning Education Ministry of Malaysia under Grant 5523427.
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MATROX and OC-CAM library. In Malaysia, VSDP was developed by CAIRO [1] and CARPET was developed at APIIT University [2] to recognize Malaysian license plates.
Recognition system is generally composed of the following three processing steps: 1) Segmentation, 2) Feature Extraction, and 3) Character Recognition. The term automatic operation in our terminology stands for automatically fast enough operation in order to capture and process the input data and recognize the license plate without human intervention. However, this paper will only discuss the segmentation and recognition process. A wide variety of techniques has been proposed and the most common methods for segmentation process are projections and binary algorithm [3] , [4] , [5] . There are also some papers proposed segmentation methods such as mathematical morphology [6] , contour tracking and modeling [7] , histogram processing [6] , adaptive thresholding and transformations [8] , and classifier [9] . For the recognition of segmented characters, most system use statistical classifiers [10] , computational intelligence architectures [11] , and common pattern-matching techniques [12] . Normally, LPR system employs hidden Markov models (HMMs) with 95.7% accuracy [9] . Some implements SVM-based character recognizer. However, many researchers integrate statistical and structural recognition methods (Hybrid Classifier) with decision tree classifier where the success ratio reached 95.4% [13] . In many researches, multilayered feedforward neural networks are used for character recognition process. From day to day, lots of neural network evolutions and Probabilistic neural networks (PNNs) are tested for character recognition with 99.5% rate [14] . Pattern/Template matching is the best methods for single-font, non-rotated, and fixed-size characters. This method can be used for binary images and gray-level images. The aim of this study is to reduce the program complexity of Malaysian Automatic License Plate Recognition (M-ALPR) system based on hybrid fuzzy proposed by author in [15] and to speed up the processing time of recognizing Malaysian license plates. The algorithm proposed by author in [15] was implemented in MATLAB and the successful processing time is 1.7 seconds. Unfortunately for real-time processing system, the time requires should be less than 1 second. Thus, to solve the problem, this paper improved the algorithm in C++ programming language and introduces new method to group the elements during features extraction process.
An Improved Malaysian Automatic License Plate Recognition (M-ALPR) System using Hybrid Fuzzy in C++ Environment

II. METHODOLOGY
A. Character Segmentation
Segmentation is the process to extract the elements (characters and numbers) of license plates from the image background. Vertical and Horizontal scanning approach is used to detect the first and last columns and rows. As the result, only a character or number will be shown for the whole input image as depicted in Figure 2 .
1) Vertical Scanning
This step is used to cut each character from the image background based on first and last column pixel. The system will scan the image by pixel vertically from [0, 0] until [width, height] which is performed in column by column scanning. Since the input image is binary image that only consists of 1 and 0 values, this method is easy to be implemented. The width between each first and last column will be calculated. Finally, each character or number will be cut to separate it from the plate background. Every element will be stored in array individually for next horizontal scanning process.
2) Horizontal Scanning
After each element is saved individually in previous step, Horizontal scanning will take part to detect the first and last rows of the picture. The purpose is to remove extra upper and lower area from the image. Finally, the results of this operation will be an image with full of character or number elements without any extra areas.
B. Features Extraction
Features extraction is the step where specific information will be extracted from each character or number image which resulted from segmented step.
1) Vertical Lines Counter Calculation
First step is to calculate vertical lines counter for each characters and numbers images. Vertical line counter is the number of edges at center vertically. The method proposed here employed vertical scanning which replaced the Euler rules as implemented by author in [15] due to less complexity and computational time is reduced. From this step, it can be groups into three: This classification process is easy to be implemented thus will reduce completion time for recognition process.
2) Extracting Image Features
After each characters or numbers were grouped, the system will recognize the elements depending on inputs given to the fuzzy system where the original interpretation of fuzzy rules is based on author in [17] . The input will be in the form of matrix pixel value. -Lower Right The fuzzy system will read the input in sequence and decide which character or number represented by that configuration. For easier interpretation by the fuzzy logic system, the one dimension matrix will be as below: 
C. Character Recognition
After each character is segmented from the plate region, the final operation is the character recognition process. The element in segmented image will be translated and understood by the system.
According to the characteristics of Malaysian license plate as depicted in Table 1 , the character recognition process can be divided into two sections. Fuzzy system for recognizing standard Malaysian license plate and Template Matching for recognizing non-standard Malaysian license plate. The integration of these two methods will increase the recognition rate.
1) Fuzzy Logic Method
Fuzzy system gives lots of advantages such as high accuracy, high speed performance and suits for real-time application. This system only work for standard Malaysian license plate where each segmented element will have one dimension matrix after the feature extraction process. Fuzzy system will get the input in matrix and understand which characters or numbers represent it. For example: Element = [255, 255, 255, 255, 255, 0, 0, 255, 0] will represent number "5".
Since we have two types of matrix sequence which are Element1 and Element2, only certain element that can cause confusion will consider using the Element2.
Finally, after all the characters and numbers are recognized by the system, the results of output sequence will be displayed as depicted in Figure 4 .
2) Template Matching Method
Template matching is carried out only for non-standard Malaysian license plate such as Putrajaya 123 and Proton 854. However, template matching only checks for the first word of Putrajaya while the registration number will be recognized by the fuzzy logic method. These will help to increase the accuracy and performance of the system in real time. As shown in Table 1 , the first word in italic forms and have special pattern of font that hard to be segmented and recognized character by character using the fuzzy system. Furthermore, template matching needs very large memory to save various templates. Thus it will decrease the performance and accuracy of the system in real-time. Therefore integration of fuzzy system and template matching will solve this problem.
Template matching works by counting the sum of squared difference in each position while word image that we want to recognize moves over background template. The place where the sum of squared difference is less than the threshold will be considered as the place of matching and up on the dimensions of matching position, the program will decide the recognized word.
III. EXPERIMENTAL SETUP
To perform the experiment, the equipment used are Dell Optiplex 755 with 2.39 GHz Core(TM)2 duo processor with 2.0GB RAM, Logitech webcam with 2Mp resolution and DevC++ 4.9.9.2 and OpenCV library [ref] . The 740 image samples are captured from real scene around the UPM campus.
IV. RESULTS AND DISCUSSION
The M-ALPR was developed by using scanning method for segmentation, pixel positions read for features extraction and fuzzy logic/template matching for recognition process. A database containing 740 Malaysian license plates images from real scene has been used to test the proposed system. The results will be discusses in term of system accuracy, processing time and the system complexity of various Malaysian license plate patterns. Comparing with other methods that have been used for image recognition such as neural network, hybridization of fuzzy logic and template matching still the most accurate and efficient methods in real-time processing systems.
Fuzzy system gives almost 100% correctly recognize Malaysian license plates in testing with good quality images. However, fuzzy system gives only 90.4% accuracy for good images captured from outdoor scene. For template matching method in non-standard Malaysian license plate, the accuracy results almost 100% for ideal license plates.
However, the system still has some weaknesses with overlapping numbers or characters. Segmentation process is hard to find the pixel gap between two characters or numbers. Thus, it will stop the process and affect the recognition process. But this case is rarely happened.
The proposed system is able to reduce processing time for recognition using Fuzzy system to 0.041s compared to the system proposed by author in [15] . The time calculations begin from loading the image, segmentation, feature extraction, recognition and displaying the results. For template matching methods, the proposed system takes 0.022s to recognize non-standard Malaysian license plates while in [15] , the system took 0.75s.
The proposed system by author in [15] was implemented in MATLAB which it is not suitable for real-time image processing. Furthermore, the algorithm is very complex because of repetition of algorithm for every processing element. Thus, by using C++ and OpenCV, the algorithm complexity of proposed system can be reduced. With the looping and functions inside the C++, the length of the code is less and memory needed to save the program is very small. Experimental results show that the improved system outperforms the previous system in terms of the processing time and the algorithm complexity but maintained the ratio of recognition success.
V. CONCLUSION
In this paper, we presented an improved version of M-ALPR system which is based on fuzzy logic and template matching. Combining both two methods shows very high performance of recognition results compared with only single method used by other works. Furthermore, employing C++ and OpenCV instead of using MATLAB will increase the performance of the M-ALPR system by reducing the processing time and program complexity which make it more suitable for real-time environment.
M-ALPR is a good system to recognize Malaysian license plate and can be used for various applications. For future work, the segmentation method will be enhanced to increase the accuracy of recognition process.
Ratio of Success
Processing Time (Fuzzy Logic) Method in [15] in Matlab environment 90.4%
1.700s
Proposed Method in C++ environment 90.4% 0.041s Table 2 . Comparison of performance between method in [15] and the proposed method
